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Abstract 
The purpose of integrated application of solar system and geothermal energy is to complement each other perfectly 
and to fully utilize renewable resources for low-carbon and energy saving ideas. In this paper, the application of the 
composite energy system in the engineering design of a project in Wuhan which belongs to hot summer and cold 
winter area will be evaluated in such aspects, including technical feasibility, system efficiency, economic and 
environmental impacts, in order to provide technical and practical experience for the design and application of 
integrated energy systems in the future. 
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1. Introduction
In recent years, solar and geothermal energy as renewable energy is widely applied to buildings what
can reduce the use of conventional energy sources in China. The measure responses and implements the 
policies "energy conservation and emission reduction" and "building energy efficiency" respectively, and 
has vigorously promoted by the relevant departments [1]. 
China belongs to the solar energy resources abundant country. Solar theory reserves amount to 17,000 
million tons of coal per year, therefore solar energy utilization have great potential. Using solar energy 
doesn't affect the ecology, also won't cause environmental pollution; Geothermal energy, especially 
shallow geothermal energy (including shallow soil and water), is also widespread low taste good heat. 
Because the temperature of earth surface soil and water is relatively stable, so the ground as a great energy 
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storage body, can save heat for winter and cool for summer. Therefore, solar and geothermal energy as 
one kind of inexhaustible clean energy, their utilization foreground cannot be ignored [2]. 
Although solar and geothermal energy although have advantages they still exist deficiencies. Solar 
energy is uncertainty and intermittent because of low density flow, thus when we collect solar energy, we 
not only need larger collection hot area, but also heat storage device [3]. While low taste of geothermal 
heat needs lifting device such as tube ground source heat pump to apply. This pump needs checking take 
heat and row hot thermal equilibrium, if the balance is broken, long-term operation of pump will make the 
soil temperature field without effective recovery what not only reduces the heat pump units COP value, 
also can make heat pump unstable, even abnormal operation [4]. 
It is worth to do extensive research of composite system design in hot summer and cold winter and 
energy use, especially the energy saving effect of discretion, economic benefit which directly affects 
energy system feasibility in hot summer and cold winter. We expect this paper can provide related theory 
to similar projects. 
 
Nomenclature 
Ac     solar collector area (㎡) 
Q     building heat consumption indicators (w/㎡·d) 
A0     building area (㎡) 
JT     local average daily solar irradiation quantity (kJ/㎡·d) 
f     solar assurance (%) 
ηcd     collector efficiency (%) 
ηL     piping and tank heat loss rate (%) 
n     yeas 
△Qsave     save energy 
Qco2     the amount of emissions of carbon dioxide 
2. Simulation ideas and solutions 
2.1.  Simulation idea 
According to the geographical location of Wuhan, we can use either solar or geothermal energy in 
buildings [5]. And Wuhan belongs to hot summer and cold winter area. Considering the climate 
characteristics of different seasons, we prefer solar energy in summer and adopt geothermal energy for 
supplement in winter. Such integrated application can make full use of solar and geothermal energy to 
realize the length complementary, so that integrated application of renewable energy has broad prospects 
for development [6]. This article will choose a three buildings in Wuhan proposed for simulation analysis 
object, and we design a set of solar and geothermal energy of composite energy comprehensive 
application system, then use system software to simulate the energy consumption of energy efficiency, 
simulation of the ultimate economic and environmental impact, and analyze the load energy the 
advantages and disadvantages of the system, finally discuss the technical feasibility analysis of the solar 
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energy and geothermal energy comprehensive application in hot summer and cold winter zone. 
2.2. Simulation ideas and solutions 
This project is intended to use solar energy system and ground source heat pump system to provide 
cool and heat sources and living hot water for three buildings which are named 1#, 2# and 3# in Wuhan. 
Each building area is 355 ㎡, and main functions are office, fitness center, etc. According to Wuhan 
regional characteristics, we arrange energy-using situation as follows: 
• Spring and autumn 
These seasons have a pleasant climate, and people almost do not use air conditioning, therefore we 
need to offer the water for living, and living hot water supply directly by solar energy. 
• Summer 
If economy allows, we prefer solar energy. However, because solar-thermal systems powered area is 
finite, we adopt the ground source heat pump system for auxiliary cold source. 
• Winter 
We first consider providing air conditioning and life hot water by solar energy. Because sun energy of 
Wuhan is low in winter, we adopt the ground source heat pump system to provide auxiliary heat. 
3. Estimate of cool and heat load  
We utilized NT3.0 version of the software which is developed by Beijing HaoChen Technology 
Development Co. LTD. to calculate air-conditioning zone hourly cold load in summer. The results are as 
follows: Hourly cool maximum load of single building is124kW, 372kW totally; hourly heat load of 
single building is 62kW, 163kW totally. 
4. Plans of air-conditioning and hot water systems 
4.1. Outlines of plan 
• Plan of air conditioning system 
The solar energy air conditioning is mainly used for 1# and 2# buildings in summer, and ground source 
heat pump is not only mainly used to heat 1#, 2# and 3# buildings in winter, but also used to cool 3# 
building in summer. Due to cold load in summer is far greater than the heat load in winter, the heat 
discharged to underground in summer is far greater than the heat absorbed from the soil in winter. This 
situation may make underground heat exchanger temperatures increase, even lose its balance. In order to 
guarantee the balance, we need to use other cooling source to share the summer heat. Considering 
buildings are near the lake which is about 28℃ in summer, besides the lake is very big, so we can directly 
use the lake for cooling water of the solar energy air conditioning in summer. 
• Plan of life hot water system 
Life hot water of all 3 buildings is provided by solar water heating system. 
4.2. Control principle of composite energy system 
Focusing on the characteristics of two kinds of energy, we designed the compound energy system 
which is constituted by solar and geothermal energy. The operation chart of this system is shown in Fig 1, 
and it works by rules which are described as follow: 
Summer (cooling) 
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• Solar collection system adopts high temperature protection and temperature cycle control. When T1-T2
＞8℃, start B1 and B2; while when T1-T2＜2℃, stop B1 and B2. 
• When the solar energy air conditioning is used to refrigerate 1# and 2# buildings, shut off F1 and F3, 
and open F2 and F4 with hand control. Also Solar system adopts temperature cycle control to drive 
lithium bromide air conditioning, and when T2＞85 ,℃  start B3 and B5; while T2＜75℃, stop B3 and 
B5. 
• When lithium bromide air conditioning runtime, F5 and F6 are shut off automatically. If the solar is not 
enough, so that the cooling load which the three buildings need is relatively small. Therefore, F5 and 
F6 are opened automatically, and then 1# and 2# buildings can share the ground source air 
conditioning for cooling. 
Winter (heating) 
• Solar collection system adopts high temperature protection and temperature cycle control. When T1-T2
＞8℃, start B1 and B2; while when T1-T2＜2℃, stop B1 and B2. 
• When solar energy provides heat to the ground source heat pump units, F2 and F4 are shut off and open 
F1 and F3 with hand control. Also Solar system adopts temperature cycle control to provide heat 
resources. When T2＞75 ,℃  start B4 and stop B9; while T2＜75℃, start B4 and stop B9. 
Spring and autumn (hot water) 
• Solar collection system adopts high temperature protection and temperature cycle control. When T1-T2
＞8℃, start B1 and B2; while when T1-T2＜2℃, stop B1 and B2. 
Fig. 1. Operation chart of composite energy systems  
• Solar system adopts temperature cycle control to provide hot water. When T2-T4＞75 ,℃  start B3; 
while T2-T4＜2℃, stop B3. 
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5. Analysis of system energy efficiency 
5.1. Energy efficiency of solar systems 
5.1.1 Meteorological data in Wuhan 
According to the meteorological materials in Wuhan, monthly solar radiation intensity of illumination 
is shown in Table 1, while average monthly radiation is shown in Fig 2. 
Table 1. Monthly solar radiation intensity of illumination in Wuhan 
Month Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. 
Solar radiation (MJ/㎡) 209 226 283 385 452 458 555 544 413 329 259 225 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Average monthly radiation in one year of Wuhan 
5.1.2 Calculation of solar collector system 
• Performance parameters of solar collector: Efficient C1518 vacuum tube collector, 3200mm×1860mm; 
• Positioning of solar collectors: According to the actual situation of the project, solar collectors should 
be set up in the south and the latitude angle is 22°.  
• Area of solar collectors: 
We use formula (1) [7] to calculate the area of solar collector. 
 
( )LcdTc J
fQAA ηη −= 1
86400 0          ⑴ 
There, f=0.5, ηL=0.25,ηcd＝0.65, A0=355 ㎡, Q=3.05w/㎡·d. According to the Fig 2, JT=170 kWh/
㎡. We put all data to the formula (1), cA ＝765 ㎡. 
The area of each collector collection is 3 ㎡, and cA  is 765 ㎡, so it needs 255 groups collector 
collection. On the roof, we design and install 200 groups CPC1518 collector collection which covers 600 
㎡. Therefore, the actual cA  is 600 ㎡ 
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5.1.3 Software simulation 
We use solar simulation software to simulate the solar energy. The simulation report is shown in Table 
2. 
Table 2. Simulation report 
Location： Wuhan Latitude： 30，4° 
Collector： 600.00 m² Linuo Paradigm CPC1518 
Mounting angle：22.0° Azimuth： 0.0° 
          Items 
Month 
Solar yield 
(kWh) 
Solar irradiation 
(kWh) 
Back up energy 
(kWh) 
Solar fraction 
% 
Efficiency 
% 
January 7199 13474 24120 45 53 
February 9376 17049 19843 45 55 
March 11960 21509 19635 55 56 
April 17030 31429 13409 56 54 
May 16476 35760 12118 46 46 
June 18012 38150 18766 49 47 
July 23660 47630 14380 62 50 
August 20408 41465 17567 54 49 
September 18279 37937 18196 50 48 
October 15608 28022 15379 60 56 
November 13757 24822 16545 50 55 
December 9229 16608 20895 45 56 
Total 180994 353856 210853 52 52 
specific annual collector yield： 654 kWh/m² 
5.2. Energy efficiency of ground source heat pump system 
This project is adopted U-type buried pipes and each hole constitutes a heat transfer with U circulation. 
According to our similar geological conditions in Wuhan and experimental data from several similar 
projects, it can be argued that the heat of single U is 60 [w/m per depth] in summer and 40 [w/m per depth] 
in winter. 
Through the calculations, we know ground source heat pump will undertake part of the heat which is 
162 kW in summer and 139 kW in winter.  
5.3. Energy efficiency of composite energy systems 
We simulation the energy-using satiation for a year, and the energy efficiency analysis of solar energy 
and ground source heat pump systems is shown in Table 3. 
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Table 3. Energy efficiency analysis of solar energy and ground source heat pump systems 
Month Item 
Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. 
Hot water (kWh /d) 265 265 258 244 237 237 230 230 230 237 244 258 
Air Conditioning 
(kWh/d) 1513 1301 0 0 2146 2638 3271 3007 2160 0 1665 1748 
Conventional energy 
consumption (kWh /d) 360 310 0 0 278 371 418 418 278 0 397 416 
Running cost (Yuan/d) 338 290 0 0 261 348 391 391 261 0 372 390 
Total running cost 
(Yuan/d) 636 504 102 97 565 722 797 797 562 94 495 634 
Ratio of run cost savings 
(%) 53 58 100 100 46 48 49 49 46 100 75 62 
Ratio of renewable 
energy contribution (%) 78 76 100 100 62 59 58 58 62 100 68 74 
Ratio of renewable energy 
contribution in whole year 
(%) 
70 
 
From the Table 3, we can conclude that the composite energy systems with solar and geothermal 
energy could undertake energy supply. The ratio of renewable energy contribution in whole year could 
reach 70%. 
6. Benefit analysis of energy-saving 
6.1. Benefit analysis of composite energy systems  
• Solar energy 
According to the above, AC=600 ㎡. And here JT=4339.35MJ/㎡, ηcd＝0.7, ηc＝0.2, then take the data 
into formula (2) [8]: 
△Qsave＝AC×JT（1－ηc）ηcd        ⑵ 
there △Qsave＝1458022 MJ/a. Thus it could be saved energy 1458022 MJ per year with solar energy in 
theory. 
• Ground source heat pump 
It could be saved energy 625925 MJ per year with geothermal energy in theory. 
Therefore, it could be saved energy 2083947 MJ per year with composite energy in theory. 
6.2. Analysis of environmental 
We use formula (3) to calculate the emissions of carbon dioxide. 
 
12
44
22
×××
×Δ= co
ff
save
co FEW
nQQ         ⑶ 
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there W＝29308KJ/㎏, n=20, 
2coF =0.808, and that 2coQ is 4682. Therefore ，it is reduced 4682 tons 
carbon dioxide in 20 years theoretically. Obviously the amount is very large. 
7. Conclusion 
The composite energy systems combined the solar energy system with ground source heat pump 
system not only reduce the use of conventional energy sources, but also greatly improve efficiency of 
using resources. The composite energy systems break through the general practice, and the energy saving 
benefit is remarkable. Every year the solar energy and ground source heat pump system can save energy 
2083947MJ, amount to 70 tons standard coal. Therefore it can reduce 234 tons carbon dioxide emissions 
in a year. 
This project is currently in construction phase. If the composite energy systems combined the solar 
energy system with ground source heat pump system is carried on successfully in this large engineering 
project, it will be a beneficial attempt and will be significant to create good conditions for the further 
technological development and promotion. 
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